INTRODUCTION
In epitaxic growth of high-temperature superconductor thin films, lanthanum-aluminate (LaA103) is one of the optimum candidates for substrates. The small lattice mismatch (< 2 %) between LaA103 and YBa2Cu307, allows high quality c-axis oriented superconducting thin films to be grown on the (100) surface of the substrate. As the melting point of LaA103 is approximately 2180 °C, the interfacial reaction can be minimized under normal growth conditions.
In general, it is believed that both the nucleation and growth of thin films are strongly affected by the structures, such as steps and dislocations, of the substrate surfaces. A direct correlation between the growth of columnar defects in YBa2Cu307.x and the steps on the LaA103 substrates has been observed [1, 2] . It is anticipated that the structure of substrate surfaces has large influence on the nucleation and microstructure of the grown films. In this paper, the (100) and (110) surfaces of LaA103 are studied with reflection electron microscopy (REM) [3, 4] .
REM experiments were carried out at 300 kV and 120 kV in transmission electron microscopes (TEMs) under a vacuum of 10 .6 to 104 torr. Bulk specimens were prepared by cutting LaA103 single crystal sheets into samples with dimensions of about 2.5x1x0.8 mm. The (100) and [1101 surfaces were mechanically polished before annealing. The polished samples were annealed at 1500 °C for 10 or 20 h in air. The crystallographic data on LaA103 have been given by Geller and Bala [5] and Berkstresser et al. [6] . The structure is the distorted-perovskite structure with lattice constant a = b = c = 0.3788 nm and a = _ 13 = y = 90.066°. The structure is referred to a face-centered rhombohedral cell, in which the La+ 3 ion locates at (000), the Al+ 3 ion at (0.5 0.5 0.5), and the 0 -2 ions at the face-centers (0.5 0 0). [7] . When the specimen was annealed at 1500 °C, the surface atoms tend to move to the positions where they have the lowest energy. Our observations show that the <100> steps preserve the lowest energy in comparison to steps along any other directions on the (100]
surfaces. For annealed LaA103 (100), no dislocations were found in the flat surface areas. Dislocations have been observed only at twin boundaries [7] . Figure 3 shows two REM images of the (100) surface, exhibiting many <100> steps. The surface regions with 5x5 reconstruction show darker contrast. The dark particles seen in the image contain Si, La and Al, which are probably produced by surface impurity segregation and contamination. Since LaA103 has the face-centered rhombohedral structure, as described in section 3, the (100) surface can be terminated with either a La-0 layer or an A1-0 layer. Thus, there are three possible configurations for forming a [001] or [010] step on the (100) surface. (a) Both the upper and lower terraces of the step are terminated with the La-0 layer, and the step height is a multiple of the lattice constant. (b) Both the upper and lower terraces of the step are terminated with the Al-0 layer, and the step height is again a multiple of the lattice constant. (c) The upper and lower surface terraces next to the step are terminated with the La-0 layer and the A1-0 layer, respectively. In configuration (c), the upper and lower terraces adjacent to the step would show different contrast because of the difference in scattering powers between La (atomic number Z = 57) and Al (Z = 13), and the regions which show distinct difference in contrast would be separated by the surface step. However, this was not observed experimentally. The two types of contrast seen in the REM image, as shown in figure 2a for example, is due to surface reconstruction. If configurations (a) and (b) both occur, a difference in contrast should also be seen due to larger scattering power of La than that of Al, and the regions which show distinct difference in contrast must be separated by surface steps. This result has also not been observed experimentally. Therefore, the termination of the (100) surface must be produced solely by the La-0 layer or the A1-0 layer, but cannot be the mixture of two.
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LaA1O3 (110} surfaces were prepared under the same conditions as for (100). Figure 4 shows a REM image of the (110) surface after annealed at 1500 0C for 10 h in air. The surface exhibits the "roof-tile" structure, showing many terraces. The length of the terrace along [001], the incident beam direction, is much larger than its width along [011] if the foreshortening effect along [001] is considered. The terrace is not atomically flat but consists of many fine step-like structures. The density of the steps is so high that each individual step cannot be resolved in the REM image. RHEED observation has not found any surface reconstruction. Figure 5 shows two REM images of the (110) surface after annealing at 1500 OC for 20 h. The widths of surface terraces have increased by a factor of approximately three in comparison to those shown in figure  4 . The heights of steps between terraces are also increased by the same magnitude. Again many fine step-like structures remain on each terrace. It is apparent that the sizes of surface terraces, along both [100] and [011], increase dramatically with increasing of annealing time. The surface morphology exhibits entirely different image in comparison to that of (100). The regions showing two distinct contrast in figure 5b is produced by the crystal rotation of 0.13 0 due to the presence of the (100) twin boundaries.
From the studies of the (100) surface, we have found that the <100> steps and (100) facets have the lowest surface energy. This result can be applied to interpret the morphological structure of the (110) surface. An as-polished surface is rough consisting many hills and valleys. There is a small mis-cut angle between the surface and the (110) crystallographic plane. Surface diffusion starts when the sample is annealed, leading to the formation of small terraces. REM images shown in figures 4 and 5 indicate there are many fine structures (or steps) on the (110) terraces, which may correspond to the formation of small width (100) and (010) facets on the surface, as schematically shown in figure 6a. The (100) and (010) facets are favored due to their low energy, and these facets remain on the surface even when the surface is annealed for a long time (figures 5a and 5b). The large terrace steps, as indicated by arrowheads in figure 5a, can also be (100) facets. These faces grow when atoms diffuse from the inner steps (on the (110) terrace) toward the edge of the terrace, as indicated by arrowheads in figure 6b , resulting in the growth of step height for step A. For a high index step, such as the step B in figure 6a , the atoms tend to diffuse toward steps A and C, (100) faces having the lowest surface energy, resulting in the reduction in height and width of terrace B and the increase in heights and widths of terraces A and C. This process continues until terrace B is eliminated, as shown in figure bc. Thus, the sizes and heights of terraces A and C are increased. This is consistent with the experimental observations shown in figures 4 and 5a. {100} surface areas are covered by the reconstructed layer. Surface steps may enhance the surface reconstruction but are not essential to initiate the reconstruction. LaA1O3 {110} exhibits numerous high-step terraces, and each terrace is composed of atom-high steps. The size of terraces increases with increasing annealing time, but the fine step-like structure remains. The roughness of the (110) terrace is believed to be due to the formation of small (100) and (010) facets.
